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O 10 FIELD OF THE INVENTION 

S This invention relates to the field of electronic tag detection systems, and 

Lfj more particularly, to electronic article surveillance systems and asset tracking 

m systems in which magnetic radiation or energy is used for detection of electronic 

r tags- 

J BACKGROUND OF THE INVENTION 

^ Electronic tag detection systems include article surveillance systems and 

asset tracking systems, and are known in the art wherein tag detection is carried out 
by transmitting an electromagnetic field into a detection zone. In these systems, 
20 determining the presence of the articles under surveillance is accomplished by 

sensing perturbations to the transmitted electromagnetic field. Perturbations to the 
transmitted electromagnetic field are generated by electronically detectable tags 
attached to or incorporated into the articles. These tags carry or are formed from 
magnetic markers, materials, or circuits, which create the perturbations, and can be 
25 simple tags or complex tags, and may carry one or more bits of data. 

One type of electronic tag detection system utilizes a single magnetic field 
and simple tags. Simple tags employ no mulfi-tag algorithms. For example, such 
tags 



C4-702 



1 



are not addressable and cannot vary transmission times. In single field systems 
utilizing simple tags, a single antenna is placed on one side of an opening. Ideally, 
the antenna transmits a magnetic field of a particular minimum intensity, which 
occupies the entire opening. A receiving antenna is placed opposite the transmitting 

antenna on the opposing side of the opening. The area betvye en thetransm itting 

antenoa^and^ antenna'ls called the detection zone^ Alternatively, a 

transceiver system can be employed wherein the transmitting antenna and the 
receiving antenna are located within the same physical housing on one side of the 
opening. In either case, the resulting magnetic field from the transmitting antenna is 
effective for triggering a response from simple tags passing through the detection 
zone. For example, the magnetic field has a minimum intensity required to trigger a 
response from a tag passing through the magnetic field. Whenajag atta ched or 
incorporated into an article passing through the detection zone is exposed to a 
magnetic field having a particular frequency and magnetic field intensity, the tag 
causes perturbations in the magnetic field, These perturbations are typically in the 
form of harmonics of the fundamental frequency of the magnetic field, which can be 
detected by the receiving antenna. 

One significant problem with single field electronic tag detection systems 
using simple tags is the system's inability to detect more than one tag within the 
detection zone at one time. For example, when two tags are present in the detection 
zone at the same time, each tag simultaneously generates perturbation energy that 
is received by the receiving antenna. Although the antenna receives the perturbation 
energy in the form of harmonics of the fundamental frequency of the magnetic field 
from both of the tags concurrently, the tags interfere with one another. Such 
interference between the tags results in the system receiving corrupted data. 
Consequently, the system is unable to determine whether a tag has passed through 
the detection zone. 
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Another type of electronic tag detection system utilizes two magnetic fields 
and simple tags. In this system, a transceiver is located on one side of an opening, 
and a second transceiver is located on the opposite side of the opening. The area 
between the two transceivers is referred to as the detection zone. The two 
5 transceivers are tuned so that the transmitting antenna of each transceiver transmits 
a magnetic field extending to the middle of the detection zone. The two magnetic 
fields do not overlap or under-lap each other. Moreover, no portion of the detection 
zone is left unoccupied by a magnetic field. Thus, if two tags pass through the 
detection zone at one time, use of a two magnetic field system increases the 

10 likelihood that one tag will pass through the left magnetic field and the second tag 
will pass through the right magnetic field. Consequently, the likelihood of receiving 
corrupted data due to more than one tag passing through a single magnetic field at 
one time is decreased. 

There are however significant problems with two field electronic tag detection 

15 systems. One problem is that two field systems cannot detect more than two tags 
within the detection zone at one time. If three or more tags pass through the 
detection zone, then at least two tags will pass through a single magnetic field. As 
was the case with single field electronic tag detection systems, two tags within a 
single magnetic field interfere with one another. Consequently, the system receives 

20 corrupted data. Another problem is that two field systems rely on the conting ency 
that if two tags pass through the detection zone simultaneously, each tag will pass 
through a different magnetic field. For example, such systems will receive valid data 
only if one tag passes through the left magnetic field while the second tag passes 
through the right magnetic field. However, as the size of the detection zone 

25 increases, the size of the magnetic fields necessary to occupy the detection zone 
increase as well. Consequently, the likelihood of two tags passing through the same 
magnetic field simultaneously increases with the size of the detection zone. Thus, 
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the benefits of a two field electronic article surveillance system are not realized as 
the detection zone becomes larger. 

In the known art, U.S. Patent No. 5.049.857 (the '857 patent) discloses a 
magnetic article surveillance system and is incorporated herein by reference. The 
5 '857 patent switches between a transmit/receive mode and a transceiver mode to 
better distinguish electronic tags from items that may cause false alarms. The 
surveillance system utilizes a transmitter for transmitting magnetic energy into a 
detection zone and a receiver for receiving magnetic energy from the detection zone, 
and alternately a transceiver performing the same functions as the transmitter and 

10 receiver. The transmit/receive mode and the transceiver modes each provide 

different detection characteristics for determining false alarms, which the '857 patent 
takes advantage of by incorporating both for detection. Electronically detectable 
tags passing through the detection zone are detected by the system even in the 
presence of interfering materials. The '857 d^es not, however, teach-bow4o — 

15 differ entiate rn ulti ple valid ta gsjojthe detection zone. It should be appreciated that 
magnetic article surveillance systems and asset tracking systems utilizing 
transmitters and receivers and/or transceivers for receiving and transmitting 
magnetic energy into a detection zone for the detection of electronically detectable 
tags are known in the art. 

20 As such, electronic tag detection systems using simple tags suffer from the 

deficiency of not being able to reliably detect more than one tag within the detection 
zone at one time. As a result, there has arisen a need for an electronic article 
surveillance system capable of detecting multiple tags in a detection zone without 
using complex multi-tag algorithms. 

25 

SUMMARY OF THE INVENTION 
The invention is a system for detecting multiple electronically detectable tags 
in a detection zone. The system includes an electronic tag detection system, 
30 comprising first and second field generators, each having a respective antenna for 
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generating an electromagnetic field in a detection zone defined between the 
antennas. Additionally, at least one of the field g enera tors can be re sponsive to a 
presence of at least two electronically detectable tags in the detection zone, for 
varying an intensity of at least one of the electromagnetic fields. Also, the intensity 
5 of at least one of the electromagnetic fields can be varied by adjusting an amplitude 
of electric power delivered to the antenna of the field generator producing the 
magnetic field. 

In one embodiment of the invention, at least one of the field generators varies 
Q the intensity of at least one of the electromagnetic fields in response to a receipt of 
p 10 corrupted data from at least one of the two electronically detectable tags in the 
=J detection zone. The system can further include a controlling means for making a 

detection of the presence of at least two electronically detectable tags in the 
^ detection zone and for controlling the varying of the intensities of the electromagnetic 
5-^ fields in response to the detection. Preferably, the first and second field generators 
j~ 15 can be responsive to the presence of at least two electronically detectable tags in the 
O detection zone. 

The system can include a second one of the field generators, which can vary 
an intensity of a second one of the electromagnetic fields in response to the 
presence of at least two electronically detectable tags in the detection zone. 
20 Preferably, the intensity of the first electromagnetic field can be varied in inverse 
proportion to the intensity of the second electromagnetic field. 

The system can further include an outer perimeter of each electromagnetic 
field being defined by a minimum field intensity necessary to detect one of the 
electronically detectable tags. Additionally, the perimeters of the first and second 
25 electromagnetic fields can abut each another. In another embodiment of the 

invention, each of the field generators can be responsive to the presence of at least 
one electronically detectable tag within the perimeter of its associated 
electromagnetic field. Preferably, in response to a detection of the presence of at 
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least two electronically detectable tags within the detection zone, at least one of the 
field generators can vary the intensity of at least one of the electromagnetic field 
intensities until t here is no more tha n^e.electrojnicalj y detectable tao^ithin the 
perimeter of the associated antenna generating the field. Also, in response to the 
detection of the presence of at least two electronically detectable tags in the 
detection zone, a second one of the field generators can vary an intensity of a 
second one of the electromagnetic fields until there is no more than one 
electronically detectablejtag within the perimeteLofjyiea^ss antenna 
generating the field. Preferably, at least one of the electromagnetic fields can be 
varied in both small and large steps. Alternatively, at least one of the 
electromagnetic fields can be varied first in large steps and then in small steps. 

In another embodiment of the invention, the invention can include third and 
fourth field generators, each having a respective antenna for generating an 
electromagnetic field in the detection zone, wherein the third antenna is located 
verticall y above th e horiz ontal plane of the tops of the first, second, and fourth 
antennas, and the fourth antenna is located v ertically below t he horizontal plane of 
the bottoms of the first, second, and third antennas. Preferably, the electromagnetic 
fields generated by the third and fourth antennas are perpendicular to the fields of 
the first and second antennas. 

In yet another embodiment of the invention, no vvires connect each of the field 
generators to one another, and no wires connect each of the antennas to one 
another. 

Unless otherwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although methods and materials similar or equivalent 
to those described herein can be used in the practice or testing of the present 
invention, the preferred methods and materials are described below. All 
publications, patent applications, patents, and other references mentioned herein are 



C4-702 



6 



incorporated by reference in their entirety. In case of conflict, the present 
specification, including definitions, will control. In addition, the materials, methods, 
and examples are illustrative only and not intended to be limiting. Other features, 
advantages, and objects of the invention will be apparent from the following detailed 
description, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
There are presently shown in the drawings embodiments which are presently 

preferred, it being understood, however, that the invention is not so limited to the 

precise arrangements and instrumentalities shown, wherein: 

Fig. 1 depicts a general configuration of one embodiment of the present 

invention. 

Fig. 2 is a flow chart illustrating the operation of the inventive system 
disclosed herein. 

Fig. 3 depicts the condition of having two tags within a single electromagnetic 

field. 

Fig. 4 depicts the system response after detecting two tags within a single 
electromagnetic field. 

Fig. 5 depicts the condition of having two tags within a single electromagnetic 
field while a single tag is simultaneously within the other electromagnetic field. 

Fig. 6 depicts an alternate embodiment of the present invention for use with 
tags at differing heights. 

DETAILED DESCRIPTION OF THE INVENTION 
An electronic tag detection system according to one embodiment of the 
present invention is illustrated in Fig. 1, System 1 is to be employed to detect the 
presence of at least two tags, 10 and 12, passing through a detection zone 14. Tags 
10 and 12 are electronically detectable and formed from magnetic markers, 
materials, or circuits capable of creating perturbations in electromagnetic fields. 
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Magnetic materials can be in strip, wire, or other form. In one embodiment used as 
an example herein, the magnetic material creates perturbations at harmonics of the 
fundamental frequency of a transmitted magnetic field. Although the system 
disclosed herein can be used with sim^ tags, the invention is not so limited. 
5 Moreover, it should be appreciated by those skilled in the art that the present 
invention can be used with tags equipped with complex multi-tag algorithms. For 
example, such tags can be addressable or capable of varying transmission times 
wherein the tag is effectively turned off. 

System 1 is further comprised of transceivers 2 and 4. Transceivers 2 and 4 
10 each contain the following components respectively: transmitting antennas or coils 
18 and 24, receiving antennas or coils 20 and 22, field generators 26 and 32, and 
receivers 28 and 30. Each transmitting antenna 18 and 24 is capable of transmitting 
a magnetic field into the detection zone 14, which is defined as the area between 
O transceivers 2 and 4. Magnetic field 6 is generated from transmitting antenna 18 and 
M= 15 magnetic field 8 is generated from transmitting antenna 24. 

S . : 

□ Magnetic fields 6 and 8 transmitted from transmitting antennas 18 and 24 

respectively occupy detection zone 14. Throughout detection zone 14, each of 
magnetic fields 6 and 8 has a minimum field intensity required to detect tags 10 and 
12. The boundary of each magnetic field 6 and 8 having the minimum magnetic field 

20 intensity required to detect tags 10 and 12 is referred to as the perimeter of the 

magnetic field. Within the detection zone 14, a portion of the perimeter of magnetic 
field 6 abuts a portion of the perimeter of magnetic field 8. For example, transmitting 
antenna 18 transmits magnetic energy producing magnetic field 6, which extends 
from transceiver 2 toward transceiver 4. Transmitting antenna 24 transmits magnetic 

25 energy producing magnetic field 8, which extends from transceiver 4 toward 
transceiver 2. Magnetic fields 6 and 8 each have perimeters defined by the 
minimum field intensity required to detect tags 10 and 12. The perimeters of 
magnetic fields 6 and 8 abut one another in the center of detection zone 14 and 
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preferably do not overlap one another. However, sonrie^egree^fjoverlapxa,n^be_ 
^ithin-acceptable^tolerances of the invention if such overlap would not hinder the 
system's performance. For example, if a tag can still be detected even though the 
tag passes through an area of magnetic field overlap within the detection zone, then 
that amount of overlap would be within acceptable system tolerances. Additionally, 
the perimeters of magnetic fields 6 and 8 preferably do not under-lap one another, 
meaning that preferably no spaces or gaps exist between the perimeters of the two 
magnetic fields 6 and 8 in detection zone 14, However, it should be appreciated by 
those skilled in the art that there may be a gap or space between the perimeters of 
magnetic fields 6 and 8 if the presence of such a gap is inconsequential to the 
system's performance. For example, one or more gaps having a particular size may 
exist between the perimeters of magnetic fields 6 and 8. Such particularly sized 
gaps can be within acceptable system tolerances if a tag passing through any of the 
gaps can still be detected by the invention. 

An alternative measure of acceptable overlap or under-lap between magnetic 
fields 6 and 8 can be that the system have at least a particular tag detection 
accuracy rate. For example, if the system achieves a tag detection rate of 90%, then 
the amount of overlap or under-lap between the magnetic fields would be within 
acceptable tolerances. 

Field generators 26 and 32 are operatively connected to transmitting 
antennas 18 and 24 respectively. In response to control signals received from 
controller 16, each field generator is capable of supplying varying amounts of 
electrical power to its respective transmitting antenna. The electrical power supplied 
from each magnetic field generator is in the form of an AC drive signal having a 
fundamental frequency of Fq. Preferably, the power supplied from each magnetic 

field generator to its respective transmitting antenna Is sufficient to generate a 
magnetic field having a perimeter large enough to occupy the entire detection zone 
14. 
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Receiving antennas 20 and 22 located in transceivers 2 and 4 respectively, 
are capable of detecting perturbations in magnetic fields 6 and 8 caused by the 
presence of tags 10 and 12. Each of receiving antennas 20 and 22 is operatively 
connected to receivers 28 and 30 respectively. Receivers 28 and 30 are capable of 
extracting signal information detected by receiving antennas 20 and 24 respectively. 
Preferably, each receiver is capable of extracting the fundamental frequency Fq. as 
well as the second and third harmonics 2Fq and 3Fo. Additionally, each receiver 
can provide an output signal to be sent to controller 16. 

Controller 16 is operatively connected to each of transceivers 2 and 4 so that 
data may be sent or received from each field generator 26 and 32 as well as each 
receiver 28 and 30. This connection may be via data cable. Preferably, the data 
connecti on is a wireless communication lin k between con troller 16 and transceivers 
2 and 4. This communication link enables controller 16 to receive signal information 
from receivers 28 and 30. Controller 16 is further capable of analyzing the signal 
information using commonly known processing algorithms to determine whether 
valid or corrupt data has been received. VallddataJs-received-whenasingle-tag- 
existejiA^^ Corrupt data results when two tags are present 

within a sing le magnetic field. B ased upon whether the signal information indicates 
corrupt or valid data, controller 16 can send control signals to each of transceivers 2 
and 4 to be received by each respective field generator. The^control signals instruct 
each field generator whether to increase, decrease, or maintain constant the amount 
of electrical power supplied to each field generator's respective transmitting antenna. 
Preferably, through the use of control signals, controller 16 can vary the magnetic 
field strength transmitted by transmitting antenna in transceiver 2 and the 
transmitting antenna in transceiver 4 in a cooperative manner. For example, 
controller 16 can send appropriate control signals to each field generator within 
transceiver 2 and 4 for varying the intensity of magnetic field 6 and magnetic field 8 
in a manner inversely proportional to one another. 
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Preferably, transceiver 2 is located on one side of an opening or entrance. 
Transceiver 4 is placed at the opposing side of the opening or entrance from 
transceiver 2. Field generators 26 and 32, as well as receivers 28 and 30 are 
illustrated as being located within transceivers 2 and 4 respectively, but may be 
5 separate components. 

Fig. 2 is a flow chart illustrating the operation of the system disclosed herein. 
Beginning with step 50. the system enters a state awaiting any perturbation in either 
magnetic field 6 or 8. If the system does not detect a perturbation in either field, then 
_ the system loops back to step 50 again. The system continues to loop until such 

5 10 time that the system detects a perturbation in either magnetic field 6 or 8. Such a 
□ perturbation in either magnetic field 6 or 8 can be detected by either receiving 

^ antenna 20 or 22 respectively. Perturbations detected by receiving antenna 20 are 

Si 

^ processed by receiver 28. Similarly, perturbations detected by receiving antenna 22 
Q are processed by receiver 30. After the detected signal is processed through either 
2 15 receiver 28 or receiver 30, the resulting signal information is sent to controller 16. If 
^ the system does detect a perturbation in either magnetic field 6 or 8, then the system 
^ continues to step 52. 

In step 52 the system determines whether corrupt or valid data has been 
received by the system. Controller 16 analyzes any signal data from transceivers 2 
20 and 4 and makes a determination whether valid data or corrupt data has been 

received. If the system receives no corrupt data from either transceiver 2 or 4, then 
the system has detected a single tag in one of the magnetic fields or a single tag in 
each of the magnetic fields. In either case, the process is done. If not, then the 
corrupt data indicates that more than one tag was detected in a single magnetic field. 
25 For example, if two tags were located within either one of the magnetic fields 6 or 8, 
then the respective receiving antenna would detect a perturbation in the magnetic 
field caused by two tags interfering with one another. In this case, controller 16 
interprets the signal information received as a result of two tags being present within 
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a single magnetic field as corrupted data. Fig. 3 illustrates such a condition where 



m 



two tags simultaneously pass through detection zone 14 within magnetic field 6. If 
the system detects corrupted data, then the system continues to step 54. 

In step 54. controller 16 sends control signals to each of field generators 26 
and 32. The control signals direct the field generators to vary the power supplied to 
transmitting antennas 18 and 24 in a manner inversely proportional to one another. 
For example, by decreasing the power supplied to transmitting antenna 18 and 
increasing the power to transmitting antenna 24, the resulting magnetic field 
perimeters of magnetic fields 6 and 8 change in a cooperative manner. Thus. 
5 10 / because the magnetic field intensity of magnetic field 6 decreases, the perimeter of 
magnetic field 6 retre ats toward transceiver 2. Further, because the magnefic field 
intensity of magnelicJeld-8-inereasesrthe perimeter'of magh 8 extends 

towa rdtranscei ver 2. The result is that the boundary between the two magnetic field 
perimeters changes. Preferably the perimeters of magnetic fields 6 and 8 will come 
15 together so as not to overlap or under-lap each other. However, a particular amount 
of overlap or under-lap between magnetic fields 6 and 8 would be acceptable if 
within the stated tolerances of the syste m^ FJg. 4 illustrates such a situation w here 
the intensity of magnetic fields 6 and 8 has been modified in a manner inversely 
proportional to one another resulting in tag 10 being located in magnefic field 6 and 
20 tag 12 being located in magnefic field 8. 

After step 54. the system loops back to step 52 where controller 16 again 
determines whether the signal information received from receivers 28 and 30 
represents^valid^ta or comjgted data. If the magnefic fields have been adjusted so 
that only one tag is present in a single magnetic field, as is illustrated in Fig. 4, then 
25 the system is done. However, if the system again detects corrupted data, then the 
system continues to step 54 and further adjus ts the ppwer_to_each-antenna in a 
manner inversely proportional to one another. 
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Fig. 5 illustrates another situation where the system can receive corrupt data 
due to the presence of more than two tags in the detection zone. In Fig. 5. the 
presence of a single tag 46 in magnetic field 8 causes valid data to be sent from 
transceiver 4. However, the presence of two tags 10 and 12 in magnetic field 6 will 
cause transceiver 2 to send corrupt data to controller 16. Consequently, because 
the system has detected corrupt data, the system will still proceed to step 54. It 
should be appreciated by those skilled in the art that the system can be capable of 
rendering the validly detected tag inoperative after correctly detecting the tag. It 
should further be appreciated that the method of rendering a tag inoperative is not 
limited to detection of three tags, but can be used for detection of a multitude of tags 
in the detection zone. For example, after detecting tag 46, the system can filter 
signals received from tag 46. Alternatively, in the case of tags having multi-tag 
algorithms, in response to a signal from transmitting antenna 24, tag 46 can be 
turned off so that no signal or perturbation energy is caused by or transmitted from 
tag 46. In either case, once the system correctly detects tag 46, the system can 
render the tag invisible to the system. Consequently, the system can proceed to 
step 54 to adjust magnetic fields 6 and 8 for detecting tags 10 and 12. 

The system continues to loop through step 54 until only one tag is present in a 
single magnetic field. In step 54, the system can first vary the magnetic field 
intensities in either large or small increments. For example, when the system first 
detects corrupt data, the system can vary the magnetic field intensities in large 
increments. Then, during subsequent iterations through step 54, variations in the 
intensity of magnetic fields 6 and 8 can be made in smaller increments until all data 
conflicts have been resolved. 

Fig. 6 illustrates an embodiment of the invention for use with multiple tags at 
differing heights. The embodiment of Fig. 6 is similar to the embodiment of Fig. 1 
with certain changes. Additional transceivers 38 and 44 have been added to the top 
and bottom of the opening respectively. Transceiver 38 is located vertically above 
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the horizontal plane of the tops of transceivers 2 and 4. Transceiver 44 is located 
vertically below the horizontal plane of the bottom of transceivers 2 and 4. 
Transceivers 38 and 44 can be identical to transceivers 2 and 4. respectively. In this 
case, the detection zone is now defined by the area between each of the 
5 transceivers 2, 4, 38, and 44. 

Each of transceivers 38 and 44 can be operatively connected to controller 16 
for communication and control in the same manner as transceivers 2 and 4, 
respectively. Magnetic field 40 is produced by a transmitting antenna in transceiver 
^ 38 and magnetic field 42 is produced by a transmitting antenna in transceiver 44. 

%o 10 The perimeter of magnetic fields 42 and 40 abut one another within detection zone 
□ 14 in the same manner as described for magnetic fields 6 and 8. Operation of the 

fy preferred embodiment of Fig. 5 is similar to operation described in detail already. 

01 

m Notably, transceivers 38 and 44 can be controlled via control signals from controller 

Q 16 in a cooperative manner. For example, similar to the operation of transceivers 2 

2 15 and 4, transceivers 38 and 44 can emit magnetic fields 40 and 42, which can vary in 
^ a manner inversely proportional to one another. The magnetic fields 40 and 42 are 

substantially perpendicular to magnetic fields 6 and 8. Fig. 5 depicts the condition 
wherein after cooperatively adjusting magnetic field 40 with magnetic field 42 and 
magnetic field 6 with magnetic field 8, each of tags 10, 12, 34, and 36 is located in 
20 magnetic fields 6, 8, 40, and 42 respectively. In this case, controller 16 would 
receive signal data indicating valid data. 

It should be understood that the examples and embodiments described herein 
are for illustrative purposes only and that various modifications or changes in light 
thereof will be suggested to persons skilled in the art and are to be included within 
25 the spirit and purview of this application. The invention can take other specific forms 
without departing from the spirit or essential attributes thereof for an indication of the 
scope of the invention. 
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